Abstract. Venous leg ulcers are an important medical issue due to their high incidence in the elderly and the lack of a standard curative approach. Apart from surgical therapy, different medical treatments to effect ulcer wound repair and regeneration are currently being investigated. Sucralfate is a cytoprotective agent employed to prevent or treat several gastrointestinal diseases such as gastroesophageal reflux, gastritis, peptic ulcer, stress ulcer and dyspepsia. In this study we evaluated the efficacy, safety and tolerability of topical sucralfate (SUC-LIS 95) on the healing of chronic venous leg ulcers in 50 patients by a double-blind, placebo-controlled, randomized study. Our results indicated that the daily application of SUC-LIS 95 to non-infected post-phlebitis/vascular ulcers, for a median period of 42.0 days, led to complete healing in 95.6% of patients, against only 10.9% of cases with a matched placebo. A significant improvement was obtained in the SUC-LIS 95-treated patient group with regard to local tissue inflammation as well as pain and burning, and consequently, in ulcer size and the evolution of granulation tissue. Our findings were corroborated for selected patients by the morphological analysis of biopsies obtained before and after treatment. Using ultrastructural analysis we demonstrated that the topical use of SUC-LIS 95 was able to affect neoangiogenesis, increase wound contraction, promote re-epithelialization of the wound area and diminish the inflammatory reaction. Overall, our results indicated that patients with chronic venous ulcers show improvement after the use of topical sucralfate.
Introduction
Venous leg ulcers are an important medical issue due to their high incidence in the elderly and the lack of a standard curative approach (1, 2) . Apart from surgical therapy, different medical treatments to effect ulcer wound repair and regeneration are currently being investigated (3, 4) . Systemic or topical drugs acting in the wound repair and regeneration processes, have been proven to be promising and useful agents for the treatment of chronic venous ulcers (5) . Wound repair depends both on neoangiogenesis and the activation of a local immune response, and on the presence of growth factors including epidermal growth factor (EGF), transforming growth factor ß (TGF-ß), and basic fibroblast growth factor (bFGF) (6) (7) (8) (9) . It has also been demonstrated that the local injection of granulocyte-macrophage colony stimulating factor (GM-CSF) is able to promote and accelerate the wound repair of chronic venous leg ulcers by increasing several cellular functions such as the migration of epithelial cells, local recruitment of inflammatory cells and the proliferation of keratinocytes (10, 11) . Sucralfate is a cytoprotective agent. It is a safe and well tolerated drug as demonstrated by the complete lack of side effects, and for this reason it is widely employed in clinical practice to prevent or treat several gastrointestinal diseases such as gastroesophageal reflux, gastritis, peptic ulcer, stress ulcer and dyspepsia, and in the treatment of recurrent aphthous stomatitis (12) (13) (14) . Furthermore, the stimulating effects of sucralfate on vascular factors, including angiogenesis, which play important roles in tissue repair, have been demonstrated (15) (16) (17) . Recent studies have shown the stimulating effect of sucralfate on EGF expression and on the expression of other factors involved in tissue repair processes (18) . The sporadic studies and case reports available in the literature are all consistent, indicating the favorable effect of topical sucralfate in wound repair and in skin protection. Almost all studies indicated the safe and effective behaviour of this compound (19) (20) (21) (22) (23) (24) (25) (26) (27) .
Therefore, we considered that there were enough supporting data to undertake a study on a new pharmaceutical form of topical sucralfate, specifically dedicated to the local reepithelializing treatment of non-infected skin lesions. In this study we evaluated the efficacy, safety and tolerability of topical sucralfate on the healing of chronic venous leg ulcers in 50 patients by a double-blind, placebo-controlled, randomized study. Furthermore we followed the ulcer wound repair and regeneration process in a selected subgroup of patients using morphological and ultrastructural analysis.
Patients and methods
The study was conducted in accordance with both the declaration of Helsinki and the ICH's regulations governing good clinical practice. All patients participating in the clinical trial were informed about the study protocol and gave their written consent. The protocol was approved by the local ethics committee of the University of Rome 'Sapienza'. One hundred patients of both sexes, affected by non-infected vascular ulcers, and whose demographic characteristics are described in Table I , were selected for the trial and were randomized into two groups of 50 cases each. Patients with venous stasis or post-phlebitis ulcers were included in the protocol. Patients with known or presumed hypersensitivity to the drug, pregnant women, patients affected by neoplastic or other diseases which rendered them unable to complete the treatment, as well as patients who had previously used a local treatment for the ulcers, were excluded from the study. Four patients did not finish the treatment for unknown reasons that were not, however, related to toxicity of the drug.
Treatment procedure. The sucralfate hydrophilic gel used, SUC-LIS 95, contained as the active principle, precipitated sucralfate (25 g per 100 g gel) in a new physical form, sucralfate humid gel (European patent 0286978-7/11/90), which is endowed with a higher bioadhesivity towards mucosaes. The placebo gel (PBO) lacked the active principle sucralfate. Both gels were manufactured and provided by Lisapharma.
The patients received in double-blind fashion either SUC-LIS 95 gel (50 cases) or matched PBO gel (50 cases) once daily on the whole lesion for a variable duration according to the patient's clinical condition, but in any case for ≥30 and ≤90 days. Before topical application, the ulcers were cleaned with isotonic saline and iodine solution following the surgical removal of debris. The gels were applied daily at the bottom of the ulcers. The ulcers were then covered with sterile dry gauze and in a few cases with an elastic bandage. Before the following day's treatment, the old gel was cleared from the ulcers.
Evaluation criteria of wound repair and regeneration. The following parameters were evaluated at the beginning, after 10 and 20 days, and at the end of the treatment period: lesion size (cm 2 ), cicatrization time (days), evolution of the granulation tissue, clinical signs including inflammation, exudates and swelling, symptoms including pain and burning, and healing rate. All these parameters were semiquantitatively scored in 4 categories according to their severity (0, absence; 1, light; 2, moderate; 3, heavy).
A semiquantitative evaluation was also applied to the evolution of the granulation tissue (0, absence; 1, scarce; 2, moderate; 3, good). The time of healing was evaluated from the beginning of the treatment in days. Finally, to assess the efficacy of the therapy, each patient was assigned an overall rating (excellent, good, moderate, scarce).
Histopathology and ultrastructural analysis. In order to determine the effects of SUC-LIS 95 or placebo gels on wound repair and regeneration processes, ulcer biopsies were drawn before and after treatments. The specimens were then processed for ultrastuctural evaluation as previously described (28) (29) (30) .
For light microscopy and ultrastructural analyses, the specimens were fixed in 2.5% glutaraldehyde in PBS pH 7.4 and processed for transmission electron microscopy. For light microscopy, semithin sections were stained with tolouidine blue. Each observation was repeated 2 times. The parameters evaluated encompassed, a) epidermis organization and cellular morphology including cytokeratin expression, cellular junction organization (presence of desmosomes, hemidesmosomes), cellular necrosis, and intraepithelial edema, and b) stroma organization.
Statistical analysis. The endpoints were the evolution of lesion size and the healing rate. The parametric data were statistically analyzed by means of the analysis of variance (ANOVA) and the semiquantitative non-parametric data by the Kruskal-Wallis ANOVA. Distribution data were analyzed by the χ 2 (Chi-square) test. Laboratory data before vs. after treatment were analyzed by the Student's t-test for paired data. The probability level of α=0.05 was chosen to assess the significance of differences.
Analyses were done on the 'intent-to-treat' (ITT) population, i.e. all the patients admitted to the study, and on the 'per-protocol' (PP) population, i.e. the patients who completed the trial following the study protocol.
Safety of the treatment. Systemic safety was assessed by routine hematological and hematochemical laboratory tests at the beginning and at the end of the study. According to the values of these parameters each patient was assigned an overall assessment of the therapy tolerance (excellent, good, moderate, scarce).
Results
In order to test the efficacy and tolerability of the sucralfate hydrophilic gel (SUC-LIS 95) on the treatment of venous ulcers, a total of 100 subjects with non-infected vascular ulcers were recruited. Patients were randomly allocated to receive either SUC-LIS 95, or placebo (PBO) gel devoid of sucralfate. The demographic data are summarized in Table I . Four subjects withdrew during the trial for reasons unrelated to the treatments and five further cases showed major protocol deviations. Fig. 1 shows the flowchart of patients included in both groups. The baseline parameters of the two groups including the initial size of the ulcer as well as the presence of inflammation, exudates and swelling, and symptoms including pain and burning are shown in Table II . The two groups were similar in respect to lesion size and other parameters, except for the presence of granulation tissue.
Results obtained after the topical administration of SUC-LIS 95 or PBO are reported in Table III and Fig. 2A and B. A significant improvement was obtained in the group treated with SUC-LIS 95 vs. PBO with respect to local tissue inflammation and exudates, as well as pain and burning.
Furthermore, highly significant differences in favor of SUC-LIS 95 gel were observed at all assessment times in the evolution of ulcer size ( Fig. 2A) and of the granulation tissue (Fig. 2B) .
The healing rate was dramatically different in the two groups. Forty-three out of the 45 (95.6%) SUC-LIS 95 patients healed during the 90-day study period, against only 5 out of 46 (10.9%) of the PBO patients that healed in total (Fig. 3A) . Table I . Demographic characteristics of the patients receiving SUC-LIS 95 or placebo (PBO). 
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On the whole, the efficacy of treatment was judged to be good/excellent in 42 out of the 45 (93.3%) SUC-LIS 95 patients, against only 4 out of the 46 (8.7%) PBO patients (Fig. 3B ). These differences were significant between the two differentially treated groups (χ 2 =68.89, p<0.00001). A representative example of the healing is shown in Fig. 3C .
No local or systemic unwanted effects were recorded with SUC-LIS 95 at any time during the study.
The morphological study on bioptic specimens taken from the lesions of four patients from each group showed a good re-epithelialization process in 100% of the patients treated with SUC-LIS 95, in comparison with 25% of PBO cases (Table IV, Fig. 4 ). Fig. 4 shows the representative features of an ulcer treated with SUC-LIS 95 compared with a PBO-treated ulcer: a well organized stratified epithelium and many neoangiogenetic vessels in the connective tissue were present in the SUC-LIS 95 group while re-epithelialization is completely absent in the PBO group. No noticeable areas of necrosis could be detected after treatment with SUC-LIS 95 compared to the PBO group (Table IV, Fig. 4) . Ultrastructural analysis of the wound area of patients treated with SUC-LIS 95, showed the presence of a well organized epithelium composed of healthy epithelial cells as indicated by the presence of abundant cytokeratin filaments and well structured epithelial junctions (Fig. 5D) . No evident areas of necrosis could be detected in the wound of SUC-LIS 95 compared to the PBO group (Fig. 5A-F) . Furthermore, the stratified epithelium from wound areas treated with SUC-LIS 95 was connected with the interstitium by a well arranged basement membrane (Fig. 5D) . It is noteworthy that within the stroma of the SUC-LIS 95 group, an incipient neoangiogenesis (100% SUC-LIS 95 vs. 25% PBO) took place, as demonstrated by the abundant presence of an intense network of vasa, mostly deficient of basement membrane (Fig. 5E) . Besides, the presence in the stroma of activated myofibroblasts (100 vs. 25%), characterized by abundant cytoskeletal components and rough endoplasmic reticulum, was specific to the wound area of topically treated SUC-LIS 95 ulcers (Fig. 5F, Table IV) . Improved stroma organization, characterized by the occurrence of well organized banded type I and III collagens, and amelioration of the inflammation status were also observed in the SUC-LIS 95 group compared to the PBO group (Fig. 5B and F, Table IV ).
Discussion
The care of venous ulcers often relies on palliative and often unsuccessful therapies (2) . It is clear that wound healing is dependent on angiogenesis, cell proliferation, extracellular matrix remodeling, tissue inflammation and good re-epithelialization (6-9). Thus the ideal drug for the treatment of venous ulcers should possess properties that improve all these biological parameters. Sucralfate is a basic aluminium complex of sucrose sulfate, structurally related to heparin but without anticoagulant activity. Although structurally related to sucrose, sucralfate is not utilized as a sugar in vivo in humans. One of the oldest materials to be used in wound management is honey, the use of which was described by the Egyptians as early as 1600 BC. In recent years there has been an increasing interest in the use of sucrose as a wound dressing. Sugar, either in the form of granulated sugar or pastes composed of caster and icing sugar has been used successfully in the treatment of a variety of wounds, including bedsores and diabetic ulcers (31, 32) . Recent studies have Table IV . Ultrastructural findings on wound area after topical treatment with sucralfate or placebo gels. shown the stimulating effect of sucralfate on EGF expression and on the expression of other factors involved in tissue repair processes (18) . Furthermore, the stimulating effects of sucralfate on the vascular factors, including angiogenesis, which play important roles in tissue repair, have been demonstrated (16, 17) . The sporadic studies and case reports available in the literature were all coherent indicating the favorable effect of topical sucralfate in wound repair and in skin protection. Topical sucralfate has been successfully studied in peristomal and perineal dermatoses, in moist desquamation during radiotherapy, in erosion and ulceration of the perineal area, in vaginal ulceration, in dystrophic epidermolysis bullosa, in second and third degree burns, and in a pilot trial with non-healing, full-thickness venous stasis ulcers refractory to 8 weeks of conventional therapy (19) (20) (21) (22) (23) (24) (25) (26) (27) . The main objective of this study was to determine the effectiveness, safety and tolerability of the local treatment of chronic wounds with a sucralfate gel (SUC-LIS 95). Our results indicated that the daily application of SUC-LIS 95 to non-infected post-phlebitis/vascular ulcers, for a median period of 42.0 days (range 19-86 days), led to complete healing in 95.6% of patients (43 out of 45), against only 10.9% of cases with matched placebo. A pilot study using sucralfate to treat 10 patients with chronic venous stasis ulcers was previously undertaken (27) . Our study extends the observations to a larger group of patients. Furthermore, our findings were corroborated both by clinical evidence and by the morphological analysis of the biopsies drawn from selected patients. It has been previously suggested that sucralfate can bind basic fibroblast growth factor, thus protecting its degradation and allowing it to act as an angiogenetic molecule (33) . Furthermore, sucralfate is able to stimulate the synthesis and release of epidermal growth factor which in turn stimulates healing and affects prostaglandin synthesis (18) . It has also been indicated that sucralfate induces the proliferation of dermal fibroblasts and keratinocytes in vitro, and inhibits the release of interleukin-2 and interferon-γ from damaged skin cells (34) In this respect we demonstrated by ultrastructural analysis, that the topical use of SUC-LIS 95 was able to affect neoangiogenesis, increase wound contraction and re-epithelialization of the wound area, and diminish the inflammatory reaction. Overall, our results indicate that patients with chronic venous ulcers can benefit from the use of topical sucralfate. A and B, x2450; C, x1950; D, x2900; E, x2100; F, x4900.
